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@ Block electrically erasable eeprom. 

(g) -An eiectricaily programmable, electrically erasable floating 
gate memory cell comprises a semiconductor substrate 
material (1Q) with implanted source (20) and drain (30) regions; 
a floating gate (60) electrically insulated from the semiconduc- 
tor substrate material extends over a portion of drain region and 
over a portion of the semiconductor substrate material between 
the drain region and the source region. A control gate (90), 
electrically insulated from the floating gate and from the 
semiconductor substrate material, lies above the floating gate 
and the semiconductor substrate material. The control gate 
extends from the drain region to the source region so that the 
control gate, as far as it overlaps the floating gate, forms a 
control gate of a floating gate device and, to the extent that it 
extends beyond the floating gate over a portion of the source 
region, further forms the control gate of a select transistor 
device of an EEPROM memory cell: A grounding means is 
provided for grounding and floating the select transistor for 
programming and erasing the cell as required. 
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Description 



BLOCK ELECTRICALLY ERASABLE EEPROM 



Field of the Invention : 

The present invention relates to semiconductor 5 
memories and is more particularly directed to a 
block erasable EEPROM semiconductor memory. 

Background of the Invention: 

EPROMs (Electrically Programmable Read Only 10 
Memories) are widely used in electronic applications 
in which low cost, non-volatile memories are 
desired. Among their many advantages, they are 
used in applications in which it is desired to have a 
non-volatile memory capable of being programmed 15 
for a specific application, while retaining the flexi- 
bility of being able to erase and reprogram that 
memory. 

When erasure of the prior art EPROM is desired, 
the EPROM is removed from the circuit in which it is 20 
employed and then placed in a special erasing 
apparatus. In this erasing apparatus, the EPROM is 
exposed to ultraviolet light. The ultraviolet light 
causes the EPROM to then erase. Once the EPROM 
is exposed to ultraviolet light in the erasing appara- 25 
tus, the erase process takes approximately 15-20 
minutes in the prior art EPROM. Also, ultraviolet 
erasable EPROMs must generally be packaged in 
special, costly ceramic packages containing quartz 
windows in order for it to be possible to expose the 30 
EPROM to ultraviolet light during erasure. 

The main disadvantage in using EPROMs is the 
lack of system flexibility due to the necessity of 
removing the EPROM from the circuit board in which 
it is used in order to erase the EPROM. The 35 
disadvantage does not exist when EEPROMs (Elec- 
trically Erasable Programmable Read Only 
Memories) are used in place of EPROMs. EEPROMs 
can be programmed and erased on board, that is, 
while still in a circuit board. Because of this on-board 40 
flexibility, EEPROMs are replacing EPROMs in many 
applications. However, prior art EEPROMs are much 
more costly to manufacture than EPROMs. This cost 
differential between prior art EEPROMs and prior art 
EPROMs is, for the most part, because the prior art 45 
EEPROM cell size is much larger than the EPROM 
cell size. 

A relatively small cell size is typically achieved in 
prior art ultraviolet erasable EPROMs because these 
EPROMs use a single transistor per cell. This single 50 
transistor cell structure is possible because these 
EPROMs use hot electron injection mechanisms to 
program the ceils. The EPROM cell is programmed 
only when both the drain and gate of the cell are 
raised to a high voltage. Normally, the word line is 55 
called the X address and the bit line is called the Y 
address. This X-Y addressing mode during pro- 
gramming of the cell in any array eliminates the need 
for byte-select transistors. 

Prior art EEPROMs, on the other hand, use 60 
Fowler-Nordheim tunneling to program the cells. 
These prior art EEPROMs require a byte select 
transistor, as is well known in the art, and the 



EEPROM requires two transistors per ceil. Addition- 
ally, as is well known in the art, a tunneling area is 
needed in each such EEPROM cell. Hence, the prior 
art EEPROM cell is much larger than the prior art 
EPROM cell. 

Several attempts to overcome the disadvantages 
of ultraviolet erasable EPROMs have been made. 
Thus, erasing the EPROMs by tunneling electrons 
from the floating gate to the control gate through the 
interpoly oxide has been attempted. Such an 
attempt is discussed in Guterman, et al. t "An 
Electrically Alterable Nonvolatile Memory Cell Using 
a Floating-Gate Structure," IEEE J. SOLID-STATE 
CIRCUITS, SC-14 p. 498 (April 1979)- However, due 
to the incompatibility between erasability and pro- 
gramming speed, the structure was not successful. 

Also, a triple-polysilicon technology employing an 
erase electrode located between the field oxide and 
the floating gate has been attempted, as is dis- 
cussed in Masuoka, et aL, "A New Flash E2PROM 
Cell Using Triple Polysilkson Technology," Interna- 
tional Electron Devices Meeting Technical Digest 
p. 464 (1984). In this technology, the floating gate is 
erased by Fowler-Nordheim tunneling. 

Further, a double polysilicon technology using 
Fowler-Nordheim tunneling through the dielectric 
between the floating gate and the drain or source to 
erase the ceils has been attempted, as discussed in 
Mukherjee, etal., "A Single Transistor EEPROM Cell 
and its Implementation in a512K CMOS EEPROM," 
International Electron Devices Meeting Technical 
Digest p. 616 (1985). However, all of these attempts 
to solve the problems inherent in an ultraviolet 
erasable EPROM share additional problems arising 
from the overerase of the floating gate that results 
when these methods to erase an EPROM cell are 
employed. 

When an ultraviolet erasable EPROM is erased, 
the floating gate is electrically neutral. This is 
because the ultraviolet light causes "programming" 
electrons to leave the floating gate, but does not 
cause the floating gate to acquire a positive charge 
by causing additional electrons to leave the floating 
gate. When an EEPROM is erased electrically, 
through Fowler-Nordheim tunneling or tunneling 
through the interpoly oxide, the floating gate 
acquires a positive charge. The result of this positive 
charge on the floating gate is that the transistor acts 
like a depletion transistor and therefore leaks 
current. Hence, false data reads or failures to 
program can result. It is desired to overcome the 
problems caused by this overerase phenomenon. 

Endurance is another factor in determining 
whether to employ a prior art EPROM or a prior art 
EEPROM in a particular application. Endurance is a 
measure of the number of times that a cell can be 
erased and rewritten. A part with a high endurance 
can be erased and rewritten many times, while a part 
with a low endurance can be erased and rewritten 
relatively fewer times. Prior art EEPROMs typically 
have a higher endurance than prior art EPROMs. 
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Thus, although prior art EEPROMs are, typically, 
more expensive than prior art EPROMS, in applica- 
tions in which a relatively high endurance and fast 
erase are desired, prior art EEPROMs are often used 
instead of prior art EPROMs. 

Objects and Advantages : 

The present invention is directed to an EEPROM 
with a small cell size that can be erased much more 
quickly than the typical prior art EPROM. The 
present invention is further directed to an EEPROM 
with a relatively high endurance. 

It is an object of the present invention to provide 
an EEPROM that is bulk-erasable. 

It is a further object of the present invention to 
provice an EEPROM that has a relatively small cell 
size. Other and further objects and advantages will 
appear hereinafter. 

Summary of the Invention : 

The equivalent of a floating gate transistor and a 
select transistor are combined in a single device. A 
single control gate is used for both the floating gate 
transistor and the select transistor. 

A grounding means for grounding and floating the 
select transistor for purposes of programming and 
erasing the cell is further disclosed. 

Figure 1 shows a cross-section of an EE- 
PROM ceil employing a preferred embodiment 
of the present invention. 

Figure 2 shows a cross-section of an EE- 
PROM cell employing a second embodiment of 
the present invention. 

Figure 3 shows a portion of an EEPROM cell 
array employing a preferred embodiment of the 
present invention. 

Figure 4 shows a simplified schematic diag- 
ram of a portion of an EEPROM cell array, which 
array is shown in Figure 

3. Detailed Description of the Preferred Embodiment 
A presently preferred embodiment of the present 
invention is disclosed. It will be understood by one 
skilled in the art that other embodiments of the 
present invention are also possible and are meant to 
be included within the scope of the appended 
claims. 

Referring now to Figure 1, there is shown a slice 
(not to scale) through an EEPROM memory cell 
comprising various layers grown and/or deposited 
on P-type monocrystalline silicon substrate 10. Thus, 
as a preliminary step, afield oxide region (not shown 
in the drawings) is grown to a thickness of 
approximately 10,000 Angstroms over P-type mono- 
crystalline substrate 10, as is well known in the art. 
Next, first gate oxide region 40 is grown to 
approximately 250 Angstroms above P-type mono- 
crystalline substrate 10. Then, a first polysilicon layer 
is deposited over first oxide region 40 to a thickness 
of approximately 3,000 Angstroms. Next, the first 
polysilicon layer is lightly doped. Floating gate 60 is 
then defined from that first polysilicon layer, using 
masking and etching techniques, as is well-known in 
the art. After defining floating gate 60, interpoly 
oxide 70 and second gate oxide region 80 are grown 



at the same time, as is well known in the art. Interpoly 
oxide 70 is grown to approximately 800-850 Ang- 
stroms and second gate oxide region 80 is grown to 
approximately 600 Angstroms. Next, a second 
5 polysilicon layer is deposited to a thickness of 
approximately 4,500 Angstroms over interpoly oxide 
70 and second gate oxide region 80, and then 
doped. Control gate 90 is then defined from that 
second polysilicon layer by masking and etching 

10 techniques, as is well known in the art. Finally, as is 
well known in the art, source region 20 and drain 
region 30 are formed by arsenic implants. 

First gate oxide region 40 covers the portion of the 
region of P-type monocrystalline silicon substrate 10 

15 which lies below the floating gate 60. First gate oxide 
region 40 further overlaps a portion of drain region 
30, below floating Gate 60. First gate oxide region 40 
may be a layer of silicon dioxide (Si02). 
First gate oxide region 40 further comprises thin 

20 dielectric region 50. By using the well-known Kooi 
effect, when first gate oxide region 40 is formed, the 
portion of first gate oxide region 40 that is labeled as 
thin dielectric region 50 grows at a slower rate than 
the remainder of first gate oxide region 40 and thus 

25 is thinner than the remainder of first gate oxide 
region 40. In one embodiment of the present 
invention, thin dielectric region 50 forms the portion 
of first gate oxide region 40 that overlaps drain 
region 30, and thin dielectric region 50 may further 

30 extend into the region above P-type monocrystalline 
silicon substrate 10 that lies between drain region 30 
and source region 20. While thin dielectric region 50 
may be grown by using any one of the known 
methods of forming a thin dielectric region, in the 

35 presently preferred embodiment of the present 
invention, thin dielectric region 50 is grown using the 
well-known Kooi effect, as is disclosed in Kooi, et al., 
"Formation of Silicon Nitride at a Si-Si02 Interface 
During Local Oxidation of Silicon and During Heat- 

40 Treatment of Oxidized Silicon in NH3 Gas," 123 J. 
Electrochemical Soc'y 1117 (July (1976). 

First channel region 35 is the portion of the device 
channel that lies below floating gate 60 and abuts 
drain region 30. Under conditions discussed below, 

45 a conductive channel for charge carriers is formed in 
first channel region 35. Second channel region 37 is 
the portion of the device channel that lies below 
control gate 90 and abuts source region 20, but does 
not extend below floating gate 60. Under conditions 

50 discussed below, a conductive channel for charge 
carriers is formed in second channel region 37. Both 
first channel region 35 and second channel region 37 
are simultaneously formed with P-type threshold 
adjusting implants as is well-known in the art. 

55 First gate oxide region 40 forms a dielectric layer 
between first channel 35 and floating gate 60. First 
gate oxide region 40 further forms a dielectric region 
between the portion of drain region 30 that lies 
below floating gate 60 and floating gate 60. 

60 Floating gate 60 is grown over first gate oxide 
region 4Q and defined such that is extends above a 
portion of drain region 30 approximately 0.2 to 0.3 
microns and further extends above a portion of the 
region of P-type monochrystalline substrate 10 that 

65 adjoins drain region 30. Floating gate 60 is com- 
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prised of a layer of a phosphorus-doped polysilicon 
that is used to store charge in programming the 
EEPROM memory cell, as discussed below. 

Interpoly oxide region 70 is grown over floating 
gate 60. interpoly oxide region 70 may be comprised 
of an oxide, or other equivalent dielectric as is well 
known in the art. 

Second gate oxide region 80 is grown over P-type 
monocrystalline silicon substrate 10 and covers the 
portion of P-type monocrystalline silicon substrate 
10 which lies above channel 37. Second gate oxide 
region 80 further overlaps the portion of source 
region 20 that lies below control gate 90. As 
mentioned, interpoly oxide region 70 and second 
gate oxide region 80 may be simuitaneously grown. 

Control gate 90 is formed over second gate oxide 
region 80 and interpoly oxide 70 to extend from drain 
region 30 to source region 20. Control gate 90 
overlaps both drain region 30 and source region 20 
by approximately 0.2 to 0.3 microns. Control gate 90 
is comprised of a layer formed of a phosphorus- 
doped polysilicon as is well known in the art. Control 
gate 90 is more heavily doped than floating gate 60. 

It will be obvious to one skilled in the art that 
control gate 90, as far as it overlaps floating gate 60, 
forms the control gate of a floating gate device, and 
further that control gate 90, as it extends beyond 
floating gate 60 over a portion of source region 20 
further forms the control gate of a select transistor 
device. The function of the select transistor portion 
of the EEPROM memory ceil is discussed below. 

Figure 2 shows a second embodiment of the 
present invention. In this second embodiment, first 
gate oxide region 40 is grown to a uniform thickness 
below floating gate 60. In this embodiment, masking, 
etching and oxide growing techniques well known in 
the art are used to form uniformly thin first gate oxide 
region 40. 

Figure 3 shows a portion of an EEPROM memory 
array employing the present invention. First EE- 
PROM cell 100, second EEPROM cell 110, third 
EEPROM cell 120, and fourth EEPROM cell 130 form 
a part of the EEPROM memory array. Only a portion 
of the memory array is shown in Figure 3. Thus, in a 
256K bit memory, there will typically be 512 columns 
of EEPROM memory cells, each column in turn 
containing 512 cells. That is, there will be 512 
columns and 512 rows of cells. As would be obvious 
to one skilled in the art, any equivalent array 
technique may be used. Thus, in a 256K bit memory 
array, there may be 256 columns and 1024 rows of 
cells. 

The drain of first EEPROM cells 100 is connected 
to first bit line 140, Likewise, the drain of second 
EEPROM cell 1 10 is connected to first bit line 140. In 
a typical EEPROM memory array, there will be a bit 
line for every column of EEPROM memory. Thus, in a 
256K memory array, there will be 512 bit lines. 
Hence, the drain of third EEPROM cell 120 and the 
drain of fourth EEPROM cell 130 are both connected 
to second bit line 150. 

The control gate of first EEPROM cell 100 is 
connected to first word line 160. The control gate of 
second EEPROM cell 110 is connected to second 
word line 170. In a typical EEPROM memory array, 



there will be a word line for every row of EEPROM 
memory cells in the array. Thus, in a 256K bit memory 
cell array, there will be 512 word lines. Hence, the 
control gate of third EEPROM cell 120 is connected 
5 to first word line 160, and the control gate of fourth 
EEPROM cell 130 is connected to second word line 
170. 

The source of first EEPROM cell 100 is connected 
to common line 180. The source of second EEPROM 

10 ceil 110 is also connected to common line 180. In a 
typical EEPROM memory ceil array employing the 
present invention, there will be one common line 180 
for every pair of rows of EEPROM memory cells. 
Thus, in a 256K bit memory cell array, there will be 

15 256 common lines. As is shown in Figure 3, the 
source of third EEPROM memory cell 120 and the 
source of fourth EEPROM memory cell 130 are both 
connected to common line 180. It will be obvious to 
one skilled in the art that the source of the EEPROM 

20 memory cell disclosed herein is the select transistor 
side of the EEPROM memory cell. 

The drain of first grounding MOSFET device 190 is 
connected to common line 180. The source of first 
grounding MOSFET device 190 is connected to 

25 grounding line 210. The gate of first grounding 
MOSFET device 190 is connected to first word line 
160. Grounding line 210 is connected to ground 220. 
The drain of second grounding MOSFET device 200 
is connected to common line 180. The source of 

30 second grounding MOSFET device 200 is connected 
to grounding line 210. The gate of second grounding 
MOSFET device 200 is connected to second word 
line 170. 

By raising the voltage applied to wordline 160, and 

35 hence to the gate of first MOSFET grounding device 
190 or by raising the voltage applied to wordline 170 
and hence to the gate of second MOSFET grounding 
device 200, the source of first EEPROM cell 100, the 
source of second EEPROM cell 110, the source of 

40 third EEPROM cell 120, and the source of fourth 
EEPROM cell 130 can be operatively connected to 
ground. However, by holding the gates of first 
MOSFET grounding device 190 and second MOS- 
FET grounding device 200 low, the source of first 

45 EEPROM ceil 100, the source of second EEPROM 
cell 110, the source of third EEPROM cell 120, and 
the source of fourth EEPROM cell 130 will be kept 
floating, that is not connected to ground and further 
not held at any fixed voltage potential. Thus, 

50 grounding means for selectively grounding the 
source of an EEPROM cell during programming and 
during reading and floating the source during 
erasing have been disclosed. Hence, the cell can 
conduct during programming and will not conduct 

55 during erasing. 

Figure 4 shows a simplified operational schematic 
diagram of an EEPROM memory cell device and a 
grounding device. The drain of first EEPROM cell 100 
is connected to first bit line 140. The source of first 

60 EEPROM cell 100 is connected to common line 180. 
The drain of first grounding MOSFET device 190 is 
connected to common line 180. The source of first 
grounding MOSFET device 190 is operationally 
connected to ground 220 through grounding line 

65 210. The control gate of first EEPROM cell 100 and 
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the gate of first grounding MOSFET device 190 are 
both connected to first word line 160. 

As would be obvious to one skilled in the art, there 
may be more than one grounding MOSFET device in 
each row in the array. For example, there may be one 5 
grounding MOSFET device in each row for every 16 
bit lines in the array. 

Operation of the Preferred Embodiment 

Each cell in an EEPROM memory array comprises 10 
a place where information can be stored. By 
convention, the bit of memory associated with that 
ceil is said to be in a "0" or "1" state in binary code, 
depending upon whether the cell conducts or does 
not conduct during a read mode. 15 

Before programming the EEPROM memory cell 
array, all cells are first erased. Electrically erasing a 
ceil causes it to store positive charge on the floating 
gate. Hence, a cell that has been erased will conduct 
when tested for conduction during the read mode. In 20 
memory arrays using the presently preferred em- 
bodiment of the present invention, all ceils in the 
EEPROM memory cell array are erased simulta- 
neously. 

In programming the EEPROM memory cell array, 25 
EEPROM memory cells which are desired to be in a 
binary "1" state are caused to store negative charge 
on the floating gate during the programming mode. It 
wil! be obvious to one skilled in the art the one of 
many various schemes well known in the art may be 30 
employed for determining the sequence in which 
cells are loaded with negative charge on the floating 
gate. Thus, the cells may be written one byte at a 
time, or in any sequence, as is well known in the art. 

35 

1. The Erase Mode 

Referring to Figure 4, when it is desired to erase 
an EEPROM memory cell employing the present 
invention, first word line 160 is grounded. First bit 
line 140 is raised to a potential in the range of 40 
approximately 17 to 20 volts. Thus, a high voltage 
difference is created between the drain and floating 
gate of the first EEPROM cell 100. In this condition, 
with the high positive voltage on the drain of first 
EEPROM cell 1 00, electrons which may be stored on 45 
the floating gate of first EEPROM cell 100 are 
attracted to the drain of first EEPROM cell 100. As is 
well known in the art, electrons will then tunnel from 
floating gate 60 through thin dielectric region 50 into 
drain region 30, as shown in Figure 1 . As a result, the 50 
floating gate of first EEPROM ceil 100 is discharged. 
Furthermore, since the gate of first grounding 
MOSFET device 190 is operatively connected to 
ground through first word line 160, first grounding 
MOSFET device 190 is in a nonconductive state. 55 
Hence, the source of first EEPROM cell 100 is 
floating. Thus, first EEPROM cell 100 will not 
conduct. 

In the preferred embodiment of the present 
invention, all ceils in the memory array are erased at 60 
the same time. That is, at the same time, all the word 
lines in the array are grounded and all the bit lines in 
the array are raised to the erase potential of from 
approximately 17 to 20 volts. Thus, ali the cells in the 
array are erased as described above. 65 



As shown in Figure 2, in a second embodiment of 
the present invention, first gate oxide region 40 is 
grown uniformly thin below floating gate 60. First 
gate oxide region 40 may, for example, be grown to a 
thickness of 200 Angstroms. It would be apparent to 
one skilled in the art that in this second embodiment, 
electrons tunnel through first gate oxide region 40 
when the EEPROM memory cell is being erased, in a 
manner equivalent to that described above. 

2. The Programming Mode 

When it is desired to program a binary "1" onto 
first EEPROM celi 100, first bit line 140 is brought to 
a potential of approximately 10 volts. However, as is 
known in the art, other voltages may be used. First 
word line 160 is brought to a voltage in the range of 
approximately 17 and 20 volts. Thus, the drain of first 
EEPROM cell 100 is raised to a potential of 
approximately 10 volts and the control gate of first 
EEPROM eel! 100 is raised to a higher potential 
approximately 17 to 20 volts. Since the gate of first 
grounding MOSFET device 190 is held at the higher 
potential by first word line 160, first grounding 
MOSFET device 190 is in a conductive state. First 
grounding MOSFET device 190 therefore conducts 
and the source of first EEPROM cell 100 is 
operatively connected to ground 220 through com- 
mon line 180 and first grounding MOSFET device 
190. In this condition, first EEPROM cell 100 will be 
programmed using the hot electron injection phe- 
nomenon as is well known in the art. 

Referring to Figure 1, control gate 90 is held at 
from approximately 17 to 20 volts, drain region 30 is 
held at approximately 10 volts, and source region 20 
is operatively connected to ground. Since control 
gate 90 is held very high, an N-channel is formed 
between drain region 30 and source region 20. In this 
condition, current in the form of negative electrons 
flows from source region 20 to drain region 30 
through second channel 37 and first channel 35. As 
is disclosed in Frohman-Bentchkowsky, "FAMOS-A 
New Semiconductor Charge Storage Device," Solid- 
State Electronics, Vol. 17, p. 517 (1973), the 
hot-injection electron phenomenon will then cause 
electrons to be stored on floating gate 60. That is, 
some electrons flowing in first channel 35 will obtain 
enough momentum in the direction of floating gate 
60 to pass through gate oxide region 40 under the 
influence of the positive attractive potential toward 
floating gate 60. Thus, some electrons will become 
deposited in floating gate 60, thereby charging 
floating gate 60 with negative charge. 

3. The Read Mode and Operation of the Select 
Transistor 

During the read mode, it is desired to determine 
whether the floating gate on the EEPROM memory 
ceil means is charged with positive or negative 
charge. If the floating gate is charged with negative 
charge, then current will not flow through the 
EEPROM memory cell means during the read mode. 
Conversely, if the floating gate is charged with 
positive charge, then current will flow through the 
EEPROM memory cell means during the read mode. 

Referring to Figure 3, when it is desired to read 
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first EEPROM memory cell 100, first word line 160 is 
raised to approximately 5 volts and first bit line 140 
are raised to approximately 2 volts. All of the other 
word lines and all of the other bit lines in the 
EEPROM memory cell are grounded. Thus, second 
word line 170 is grounded. Since the gate of first 
grounding MOSFET device 190 is held at approxi- 
mately 5 volts by first word line 160, first grounding 
MOSFET device 190 is biased to conduct, that is, 
first grounding MOSFET device 190 is in a conduc- 
tive state. Thus, the source of first EEPROM memory 
cell 100 is operatively connected to ground 220 
through common line 180, first grounding MOSFET 
device 190, and grounding line 210. The drain of first 
EEPROM memory cell 100 is held at approximately 2 
volts by first bit line 140. Furthermore, the control 
gate of the select transistor portion of first EEPROM 
memory cell 100 is held at approximately 5 volts, 
therefore the select transistor of first EEPROM 
memory cell 100 will be in a conductive state. Hence, 
first EEPROM memory cell 100 will conduct, or will 
not conduct, depending upon the electrical charge 
state of the floating gate. That is, if the floating gate 
of first EEPROM cell 100 is charged with positive 
charge, then a conductive channel is formed in first 
channel region 35 in Figure 1 and first EEPROM cell 
100 will conduct. However, if the floating gate 60 in 
Figure 1 is charged with electrons, then there is no 
conductive channel formed in first channel region 35 
in figure 1 and first EEPROM cell 100 will not 
conduct. 

It will be noted that the drain of second EEPROM 
cell 110 is held at approximately 2 volts by first bit 
line 140, and that the source of second EEPROM cell 
110 is operatively connected to ground through first 
grounding MOSFET device 190. Thus, if the floating 
gate of second EEPROM cell 110 is charged with 
positive charge, a conductive channel in channel 
region 35 in Figure 1 is formed and the MOSFET 
under floating gate 60 will be in a conductive state. 
However, control gate 90 of second EEPROM cell 
1 10 is held low by second word line 170. Thus, there 
will be no conductive channel formed in second 
channel 37 in Figure 1 and the select transistor of 
second EEPROM cell 110 will be in a nonconductive 
state. Hence, even though the drain of second 
EEPROM cell 110 is held at approximately 2 volts, 
the source of second EEPROM cell 110 is held low, 
and the floating gate of second EEPROM cell 1 10 is 
charged with positive charge, because control gate 
90 which also forms the gate of the select transistor 
portion of second EEPROM cell 110 is held low by 
second word line 170, second EEPROM cell 110 will 
not conduct. 

Thus, a block-erasable EEPROM nonvolatile semi- 
conductor memory cell apparatus has been dis- 
closed. Although the preferred embodiment dis- 
closes a means of constructing the apparatus using 
NMOS technology, it would be obvious to one skilled 
in the art that CMOS could be used as welL 

While the foregoing has described in detail one 
embodiment of the present invention, it will be 
appreciated that, given the teachings herein, numer- 
ous equivalents and alternatives which do not depart 
from the present invention will be apparent to those 



skilled in the art, and those alternatives and 
equivalents are intended to be encompassed within 
the scope of the appended claims. 
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1. An electrically programmable, electrically 
erasable floating gate memory cell, comprising: 

a semiconductor substrate material with 
implanted source and drain regions; 

a floating gate electrically insulated from said 
semiconductor substrate material, said floating 
gate extending over a portion of said drain 
region and further extending over a portion of 
said semiconductor substrate material between 
said drain region and said source region; 

a control gate, electrically insulated from said 
floating gate and from said semiconductor 
substrate material, said control gate lying above 
said floating gate and above said semiconduc- 
tor substrate material, and further said control 
gate further extending from said drain region to 
said source region. 
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